Abstract: Silicon-vacancy (SiV) centers in diamond are bright sources of indistinguishable single photons. We report fabrication of nanowires coupled to single SiV by deterministic ion implantation, yielding greatly enhanced light coupling compared to SiV in bulk.
Introduction
The negatively-charged silicon-vacancy (SiV − ) center in diamond consists of an interstitial Si atom between two vacancies in the carbon lattice ( Fig.1-inset ). It is a bright source of indistinguishable single photons with many potential applications in quantum information and communication [1] . Unfortunately, due to the high refraction index mismatch between diamond and air, color centers in diamond show low photon out-coupling. Fabricating nano-structures around these color centers can increase their optical coupling and enable quantum photonics applications. Here we report fabrication of monolithical nanowires coupled to single SiV − centers created by deterministic Silicon ion implantation, and demonstrate an increase in photon count rate by at least a factor three with respect to defects in bulk diamond.
Methods
We employed a top-down procedure to produce a large array of nanowires [2] in a HPHT-diamond sample via electronbeam lithography and reactive-ion etching (RIE) techniques (Fig.1 ). Then we deterministically implanted Silicon ions in the nanowires by using focus ion beam techniques (FIB) and finally obtained the creation of single SiV − centers embedded in the nanowires by annealing the sample. To characterize the SiV − we measured non-classical light emission using a home-built confocal microscope and a 50 : 50 fiber splitter. In correspondence to the lower dose implantations, we observed an antibunching dip ( Fig.2.a) , the signature of single photon emitters, as confirmed by fitting the data with the model discussed in [3] .The great benefits of coupling SiV − to the nanowires can be observed by the comparison between the count rate from an individual SiV − embedded in the nanowire Fig.2(c) and an ensemble of SiV − in a bulk crystal Fig.2(b) . We measured the count rate of the photons emitted by single SiV − inside the nanowire as function of the power of the excitation laser applied. As shown in Fig.2(c) , after a rise at low pump powers(P < P sat ) the count intensity saturates(I = I sat ) at high power (P > P sat ), as expected [4] . The measured single SiV − saturation intensity is three times higher than for ensembles of SiV − in bulk, while thanks to the nanowire effects, the single photon emitter get pumped at least five times more efficiently. We remark that these results underestimate the nanowire coupling efficiencies, since we could not find single SiV − in the bulk diamond in our sample and the comparison is made with a small ensemble of emitters.
